Background Although moderate alcohol consumption has been shown to confer a protective effect for specific diseases, current societal patterns of alcohol use impose a huge health and economic burden on modern society. This study presents a method for estimating the health and economic burden of alcohol consumption to the UK National Health Service (NHS).
Introduction
The UK Government currently advises that 'regular consumption of between three and four units a day by men' and 'between two and three units a day by women of all ages will not lead to any significant health risk'. 1 Consuming in excess of four units on the heaviest drinking day of the week in men, or over three units in women, is not advised, and the Government recommendations on sensible drinking are now based on these daily benchmarks. 2 The number of people reporting consumption of harmful levels of alcohol is increasing. In 2006, around a third of men and a fifth of women reported drinking over the weekly recommendations compared with around a quarter of men and ten percent of women in 1988: 3, 4 some of this difference in consumption is due to changes in the measurement of alcoholic units in health surveys, but these changes were introduced to account for recent increases in average drink size and alcoholic strength of regularly consumed alcoholic beverages. 5 There is a clear inverse relationship between likelihood of consumption above government guidelines and age, with binge drinking among men 30% higher than average among men aged 16-24 and 42% higher in women of the same age. Adverse effects of excess alcohol consumption include mortality from injuries and accidents (such as falls and motor vehicle accidents) and chronic disease (such as chronic liver disease). 6, 7 Alcohol consumption has been shown to provide some protective health benefits, irrespective of the type of alcoholic beverage consumed. 8 For example, irregular heavy drinking seems to increase the risk of coronary heart disease (CHD) whereas regular low-to-moderate consumption appears to infer a reduction in CHD risk. 9 Similar J-shaped associations exist between alcohol consumption and diabetes, hypertension, congestive heart failure, stroke, dementia and all cause mortality. 10 Developing a clear estimate of the burden of alcoholrelated disease to health systems is an essential step in understanding the public health impact of excess alcohol use. Estimates of the comparable attributable burden between alcohol consumption and other unhealthy behaviours can inform policy and resource allocation decisions. Such estimates provide a baseline for planning appropriate action and assessing the impact of future interventions. Full economic costing studies are complex and labour intensive and so are not conducted regularly.
A comparable and replicable method for estimating the burden of different behavioural exposures, such as alcohol consumption, has been developed and used previously to assess and compare the health and economic burden of poor diets, low levels of physical activity, smoking and overweight and obesity in the UK (Balakrishnan et al., unpublished data) 11 -13 A relatively easy method for estimating the burden of disease is useful given changes in the patterns of disease and their prevention, treatment and care and also in changes in health-care costs (between 1992 -93 and 2005 -06 total NHS expenditure increased from £31 14 to £80 billion 15 ). This paper presents a method for estimating the burden of ill-health related to alcohol consumption in the UK and provides a comparison with the burden attributable to other risk factors. This method has the potential to enable policy-makers to compare the ill-health burden attributable to various lifestyle factors and thus prioritize appropriate public health action.
Methods
This study was conducted in two parts: first a systematic review was conducted to identify all cost of alcohol studies published between 1998 and 2007 relating to the UK or its constituent countries and second the burden of ill-health due to alcohol consumption in each of the four countries of the UK was calculated by applying population attributable fractions (PAFs) from the World Health Organization's (WHO) Global Burden of Disease Project to routinely collected UK mortality data and NHS cost data.
A systematic literature search was conducted using the search terms 'cost', 'alcohol' and 'misuse ' 17 (v) The burden (in terms of economic cost, mortality and morbidity) of ill-health-related to alcohol was calculated by applying the disease specific PAFs to 2005 -06 disease-specific data.
Results

Systematic review
The search strategy generated 597 potentially relevant papers. The majority (583) were rejected on the basis of the title or abstract not meeting the inclusion criteria and a further 11 were rejected after reviewing the full paper. The majority of papers were excluded because they reported on the cost in countries other than the UK or non-NHS costs.
ALCOHOL-RELATED ILL HEALTH
Some studies were excluded because they reported regional rather than national level costs. Three papers were retained, which reported cost estimates for economic burden of alcohol to the UK health system. We found that there were no studies that presented estimates for the economic burden attributable to alcohol consumption for the UK as a whole ( Table 1 ). The Royal College of Physicians 24 estimated that the additional cost to the NHS in England and Wales due to admissions with a main diagnosis directly associated with alcohol in 1992 was £161 million. The Cabinet Office estimated the direct costs in England due to treatment related to alcohol consumption in 2001 between £1.4 and £1.7 billion. 25 Susan and Julian 26 conducted a similar study for Scotland estimating the burden to be £95.6 million in 2001 -02.
Mortality and morbidity Table 2 shows estimates of the amount of mortality and morbidity (measured as YLLs, YLDs and DALYs) in the WHO EUR-A region for diseases where alcohol is a contributory causal factor. In 2002 those diseases associated with alcohol consumption were responsible for 56% of all mortality, 64% of YLLs, 36% of YLDs and 50% of DALYs, but note that these diseases have multiple causes, and not all of this burden can be ascribed to alcohol alone. By applying PAFs for alcohol to the alcohol-related diseases in Table 2 , we can estimate the amount of morbidity due to alcohol alone. Table 3 shows that 10% (male: 15%; female: 4%) of all DALYs lost in the EUR-A region were directly attributable to alcohol consumption. Alcohol use disorders were the largest contributor to the burden of disease attributable to alcohol consumption, accounting for 4.3% of all DALYs lost followed by liver cancer (1.4%) and motor vehicle accidents (0.9%).
Whereas data on DALYs are only available for the EUR-A region, cause-specific mortality data have been obtained for the UK. Applying the PAFs derived from the WHO's Global Burden of Disease Project to the UK data, we estimate that of the 588 000 deaths in 2005, around 31 000 (5.3%) were directly attributable to alcohol consumption in the UK; equating to 7.8% of male deaths (22 000) and 3.0% of female deaths (9000). The proportion of deaths attributable to alcohol consumption varied between countries of the UK from 6.9% in Scotland to 3.8% in Northern Ireland (online supplementary Table S1 ).
Direct cost to the NHS
We estimate that the direct cost to the NHS in the UK for conditions attributable to alcohol consumption was £3.0 billion (3.2% of total health-care cost) in 2005 -06 (Table 4) . These costs include £374 million for cirrhosis of the liver and more than £330 million for motor vehicle accidents.
Discussion
Main finding of this study
We estimate that, for UK in 2005, 31 000 deaths and £3.0 billion (2005 -06) in direct NHS costs (around 3.2% of total NHS expenditure) could be attributed to alcohol consumption.
What is already known on this topic
Our estimate of attributable mortality for the UK of 5.6% is similar to the 6.1% estimate provided by the WHO for Europe 27 and an estimate of 6% from a Canadian study conducted in 2001. 28 Our estimate of 25 000 and 1600 deaths for England and Wales, respectively, exceeds those of the Cabinet Office, 25 which estimated that deaths in England and Wales related to alcohol ranged from 15 316 to 21 958. The Cabinet Office estimates were based on the data from 2000 and it is possible that a large part of the difference in estimates is due to changes in the underlying mortality patterns between 2000 and 2005. Other estimates Among females, alcohol has protective effect against ischaemic heart disease and ischaemic stroke and no effect against haemorrhagic stroke. Numbers may not add exactly to the figures shown in bold due to rounding. Excluding alcohol use disorders, unipolar depressive disorder. of deaths attributable to alcohol in UK vary widely from 5000 to 40 000. 29, 30 Britton and McPherson 30 found a reduction in mortality due to alcohol but noted that this protective effect was only experienced in men aged 55 and over and women aged 65 and over. This study used moderate drinking as the referent whereas abstinence was the referent in this study.
ALCOHOL-RELATED ILL HEALTH
What this study adds
Our estimates of £3.0 billion (2005 -06) of UK NHS cost for alcohol consumption equates to 3.2% of total NHS expenditure. Our systematic review identified three other studies that estimated the cost of alcohol consumption to the NHS. These estimates ranged from £1.4 to £1.7 billion (2001 prices) for England 25 (equating to between 2.0 and 2.5% of total NHS cost) and £ 95.6 million (2001 -02 prices) for Scotland 26 (9% of total NHS expenditure). While our estimates are higher than these previous estimates they are comparable when considered as a proportion of total NHS costs suggesting the differences may reflect an overall increase in health-care costs in the intervening period. NHS costs increased from £31 billion in 1992 -93 to £80 billion in 2005 -06. 14, 15 Change in treatment modalities and their associated increased cost may also explain some of these differences.
Limitations of this study
A large part of the variation in the estimates may be methodological. Differing timescales, sources of cost data, weighting methods for calculating cost, diseases attributed to alcohol and the portion of each disease attributed to alcohol are just some of the factors that could affect the comparability of estimates. For example, the 1992 estimate for England and Wales of £161 million (1992 prices) derived by the Royal College of Physicians 24 updates a study 31 published in 1985 which estimated the NHS costs for 1983. The 1985 study used estimates from earlier case-control studies making comparisons over the intervening time with our estimate for 2005 problematic.
This paper presents direct costs of ill-health related to alcohol consumption and so underestimates the total cost of alcohol to the UK. Other indirect costs such as sickness absenteeism, production losses due to alcohol-related premature mortality, morbidity or informal care, non-fatal alcohol-related injuries, crime, etc., were not included in this estimate. These indirect costs would be substantial: an estimate for England and Wales for 2001 -02 suggests that alcohol-related crime caused around £11.7 billion in costs and lost productivity due to alcohol was estimated at £6.4 billion. 25 In Scotland, the overall societal cost of alcohol consumption was reported to be more than £1 billion in 2001 -02. 28 The method presented here is limited to analysis of the conditions for which the WHO Burden of Disease study has calculated PAFs, but it is conceivable that other conditions with some proportion attributable to alcohol were not included in this analysis. A further limitation is the retrospective nature of these analyses: this method provides a picture of the past burden of alcohol consumption and so ignores trends in alcohol consumption or other changes as a result of new treatment.
Another limitation is the use of cost data extrapolated from 1992 -93 because current NHS cost data by disease category are unavailable. Here, the percentage of total NHS costs for a disease category (e.g. coronary heart disease) was calculated using data from 1992 -93, 14 and it was assumed that these percentages were appropriate for application to the total NHS costs from 2005 -06. 15 Although the total NHS budget has more than doubled in this time, it was thought that the proportion of costs due to each disease category would remain relatively stable. There is some evidence that the costs by disease category that are predicted by this method are accurate (Balakrishnan et al., unpublished data), 11 -13 for example it was shown that 2001 -02 costs for coronary heart disease and cancer calculated using this method were very similar to estimates of direct NHS cost of these disease produced for the Wanless 32 report in 2002. One of the strengths of this method is that it provides a consistent methodology for comparing the health and economic costs attributable to different risk factors (online supplementary Table S2 ). The method presented here has also been applied to estimate the burden of ill-health related to poor nutrition, physical inactivity, smoking, overweight and obesity. After adjusting these previous cost estimates to 2005-06 prices, the direct cost of alcohol ranks behind poor nutrition (£8.0 billion), smoking (£5.2 billion) and overweight and obesity (£4.3 billion) but ahead of physical inactivity (£1.4 billion) (Balakrishnan et al., unpublished data). 11 -13 If the aim of public health intervention is the reduction of the burden of disease, our analysis suggests that nutrition should be a higher priority than smoking, overweight and obesity or alcohol consumption. However, this interpretation does not account for the degree to which the burden of disease associated with these risk factors is avoidable, which depends upon the effectiveness of interventions aimed at reducing the risk factors in the general population. The method reported here provides a useful metric for comparing the size of the burden of different risk factors in the UK and allows for an estimation of the potential benefits of public health interventions, but decisions regarding distribution of health-care resources towards tackling risk factors should be based upon evidence of the cost-effectiveness of interventions.
Conclusion
Alcohol consumption is a considerable public health burden in the UK accounting for 5% (31 000) of all deaths in 2005. The estimated direct cost to the NHS in 2005-06 was £3.0 billion. Estimating the burden of ill-health related to alcohol consumption is an important component for making a business case for public health intervention and also provides one metric to track the effects of future interventions.
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